INTRODUCTION
============

The management of critically ill children admitted to pediatric intensive care units (ICUs) is usually invasive and aggressive, including numerous traumatic and painful procedures that, in addition to causing pain, result in agitation, anxiety, and stress for the child.^([@r01])^

Sedation and analgesia are therefore needed to treat these patients. Sedation seeks to reduce the anxiety and agitation affecting the child, who is faced with a hostile environment and intense manipulation, whereas analgesia aims to reduce or even eliminate the pain caused by invasive techniques or by the disease itself.^([@r02])^

In patients requiring mechanical ventilation (MV), the combined use of analgesics and sedatives also results in better adaptation to the ventilation due to its depressant effects on breathing and cough reflexes and its hypnotic effect.^([@r02])^

Defining the best strategy for controlling pain and anxiety depends on an accurate evaluation of the needs of each patient. Thus, frequent evaluations are essential in ascertaining the level of sedation of patients.^([@r03],[@r04])^

Inaccurate evaluations of the level of sedation can lead to excessive or insufficient sedation. Excess sedation can result in hemodynamic instability, delayed ventilation weaning and increased morbidity and mortality, whereas insufficient sedation can lead to self-extubation, asynchrony between the patient and ventilator, and the unwanted or accidental loss of the devices used for patient monitoring and adjuvants in their treatment.^([@r05])^

The use of protocols to assist in selecting and administering sedatives and analgesics and careful patient monitoring can improve the quality of sedation and analgesia while helping to prevent their adverse side-effects.^([@r02])^

One of the most commonly used tools in assessing the level of sedation in pediatric patients is the Comfort scale,^([@r06])^ which consists of eight factors, six of which are behavioral and two physiological (baseline heart rate and blood pressure). Studies^([@r07],[@r08])^ have reported that the physiological factors may be affected by the patient\'s hemodynamic condition or medications used in his/her treatment, and thus, they may not reflect the patient\'s true level of sedation, comfort or discomfort. It has therefore been recommended that only the six behavioral factors be used, giving rise to the Comfort Behavioral or Comfort-B scale, as it is now known. Amoretti et al.^([@r09])^ validated the Comfort B-scale for the Portuguese language.

In addition to the clinical scales, we currently rely on monitoring the level of consciousness using the bispectral index (BIS), which is an objective indicator determined using a monitor that turns electrical EEG signals into a numeric value. This index has been used during the perioperative period, but it has also been suggested for use in the ICU, as it determines the patient\'s level of consciousness and their real sedation needs.^([@r10])^

Previous studies have compared the Comfort scale and BIS scores and have reported a correlation ranging from fair to strong between the two methods.^([@r10]-[@r13])^ This study was performed to compare the ability of the Comfort-B scale and the BIS scores in evaluating the level of sedation of children hospitalized in a pediatric ICU who require MV and the use of sedative medication.

METHODS
=======

This was a descriptive, observational, cross-sectional study in which children hospitalized in the pediatric ICU of the *Hospital de Clínicas de Porto Alegre* (HCPA) were included. The patients were between 1 month and 16 years of age and required MV and sedative therapy. Patients who had any physical or mechanical condition that would prevent the placement of electrodes to determine the BIS, who had a history of hypoxic-ischemic injury during their current hospitalization, or who were administered continuous ketamine were excluded. Data collection was suspended for 4 and 6 hours for those patients who, as part of the sample, received bolus doses of ketamine or neuromuscular blockers.

In the validation study of the Comfort-B scale for the Portuguese language, Amoretti et al.^([@r09])^ used two examiners and performed reproducibility and internal consistency tests. In this study, working with the previously validated scale, we chose to test the agreement among four independent evaluators in terms of the sedation classification they gave. None of the evaluators participated in any training or standardization procedure on the Comfort-B scale. No evaluator was considered a control, although the first evaluator performed the scale testing directly with the patients, whereas the other evaluators watched videos of the patients. For the scale item that refers to \"muscle tone\", the first evaluator was able to test it, and the other evaluators were asked to use his/her evaluation of this item for their classification and were only able to observe the test being performed on video and the stance taken by the patient at the time the patient was filmed. All patients received only one Comfort-B evaluation in each of the videos analyzed.

Data were collected from September 2008 to September 2009.

Comfort-B scale
---------------

The Comfort-B scale used in this study is a behavioral clinical scale that consists of six factors: alertness, calmness/agitation, respiratory response (or crying, used in patients with no MV), physical movement, muscle tone, and facial tension.^([@r09])^ Each factor can be scored with values ranging between 1 and 5, generating scores between 6 and 30 points. Scores between 6 and 10 indicate oversedation; scores between 11 and 23 indicate a moderately sedated patient; and scores between 24 and 30 indicate little sedation.^([@r14])^

Bispectral index
----------------

BIS measurements were performed using a BIS monitor, A2000XP model from Aspect^®^ (manufactured by Covidiem, USA). The electric waves from the EEG are captured using a sensor with four electrodes attached to the front of the patient and connected to the monitor via a cable. The monitor processes the information and uses a computer algorithm to convert the information into data that are continuously updated on a screen. The BIS provides an absolute number that reflects the patient\'s state of consciousness. BIS values range from zero to 100, where zero corresponds to the complete suppression of the EEG and 100 to a fully awake patient.^([@r15])^ Indexes above 80 indicate mild sedation; indexes between 60 and 80 indicate moderate sedation; indexes between 40 and 60 indicate deep sedation; and indexes below 40 indicate very deep sedation.^([@r10])^

The HCPA Research Ethics Committee approved this study, and the hospitalized patients were selected and included in the study after their legal guardians signed an informed consent form. By signing the document, the legal guardians authorized the patients\' participation in the study and the use of their images filmed during the data collection and evaluation period.

After inclusion in the study and skin preparations (cleansing with 70% alcohol), the participants were monitored with the BIS sensor. The signal was captured using a monitor and analyzed for its impedance and quality. If the monitor detected a signal level less than 50%, the sensor was repositioned.

The BIS monitoring tracked the patient while the child was videotaped for subsequent classification of the sedation level using the Comfort-B scale, according to behavior. Filming lasted 2-3 minutes at a minimum of 1-hour intervals, at which time the BIS index monitoring results were also collected. Each participant was filmed several times, depending on clinical stability and their need for the withdrawal of sedation and/or MV.

To assess the reproducibility and reliability of the Comfort-B scale, four experts, including two doctors and two nurses, simultaneously and independently applied the scale, observing the child\'s behavior and classifying the level of sedation. One observer applied the scale at the time of filming, and the 3 other evaluators used the film reproduction. The first observer collected the BIS index values and set up the data collection instrument. The last three observers were blinded to the BIS index of the patient, as well as the Comfort-B scale evaluations from the other evaluators. Subsequently, the sedation levels reported by the four evaluators were compared to each other and to the BIS index values recorded during the filming. Using a minimum correlation of 0.5 between the methods and an 80% power and 5% alpha, a calculated 29 examinations would be needed to concurrently compare the BIS index and Comfort-B scale.

The reproducibility of the scale was evaluated by simultaneously and independently testing the agreement among the four evaluators. The Kappa coefficient was used to test the agreement according to the range of sedation reported by the four evaluators. In evaluating the correlation between the Comfort-B scale and the BIS, the Pearson\'s coefficient correlation was used.

RESULTS
=======

In total, 35 examinations (films) were studied, which were performed in 11 patients between the ages of 1 month and 16 years. The patient characteristics are presented in [table 1](#t01){ref-type="table"}.

###### 

Patient sample characteristics of the children requiring mechanical ventilation and sedation

  **Characteristics**         **Results**
  --------------------------- ----------------
  Age (months)                7 (4-36)
  Gender                       
      Male                    7 (64)
      Female                  4 (36)
  Basic diagnosis              
      Bronchiolitis           3 (27)
      PO tracheoplasty        3 (27)
      PO surgery (several)    1 (9.2)
      BCP + liver failure     1 (9.2)
      Septic shock            1 (9.2)
      Heart disease           1 (9.2)
      Chemical intoxication   1 (9.2)
  PIM2                        2.85 (1.0-7.0)

PO - post-operative; BCP - bronchopneumonia; PIM2 - Pediatric Index of Mortality. Results expressed as number (%) or median (interquartile range 25-75).

One to six evaluations were performed per child, averaging 3.7 evaluations per patient. All participants required MV, which was set on the synchronized intermittent mandatory ventilation (SIMV) mode. The most common continuous infusion medications used in the sedation regimen offered to the patients were midazolam and fentanyl, which were administered to 88.6% and 62.9% of the patients, respectively.

The measurements of the sedation level in children by the four evaluators using the Comfort-B scale placed 37.1% to 57.1% of the measurements performed in the oversedation range, 37.2% to 54.3% in the moderate sedation range, and only 5.7% to 11.5% of measurements in the little sedation range. The evaluation of the state of consciousness using BIS measurements classified 28.6% of the measurements as very deep sedation, 31.4% as deep, 25.7% as moderate, and 14.3% of the measurements as mild sedation.

When comparing the results reported by the four evaluators in terms of the sedation range indicated by the Comfort-B scale (oversedation, moderate sedation, or little sedation) using the Kappa coefficient, only one of the comparisons among the blinded evaluators showed a moderate agreement (Kappa 0.56). All the remaining comparisons showed good agreement, with Kappa values between 0.61 and 0.75 ([Table 2](#t02){ref-type="table"}).

###### 

Comparison among independent evaluators in applying the Comfort-B scale (Kappa coefficient)

  **Comparisons**                                                      **Kappa**   **95%CI**   p value
  -------------------------------------------------------------------- ----------- ----------- ---------
  Evaluator 1[\*](#t02-fn01){ref-type="table-fn"} versus Evaluator 2   0.71        0.49-0.92   \<0.001
  Evaluator 1 versus Evaluator 3                                       0.75        0.55-0.95   \<0.001
  Evaluator 1 versus Evaluator 4                                       0.65        0.41-0.89   \<0.001
  Evaluator 2 versus Evaluator 3                                       0.56        0.33-0.80   \<0.001
  Evaluator 2 versus Evaluator 4                                       0.75        0.55-0.96   \<0.001
  Evaluator 3 versus Evaluator 4                                       0.61        0.38-0.84   \<0.001

95%CI - 95% confidence interval.

Evaluator 1 was not blinded to the bispectral index.

In the comparison between Comfort-B and BIS, there was a statistically significant, positive, and consistent association between the scale and the index ([Figure 1](#f01){ref-type="fig"}).

![Correlation between the Comfort-B scale and the bispectral index.](rbti-25-04-0306-g01){#f01}

DISCUSSION
==========

In our results, the agreement within the different ranges of sedation indicated in the application of the scale (oversedation, moderate sedation and little sedation) was tested using the Kappa coefficient, which showed moderate to good agreement (Table 2).

Four previous studies^([@r10]-[@r13])^ have compared the Comfort scale with eight factors to the BIS. In this study, we compared the Comfort-B scale with six factors to the BIS, and we would like to emphasize the following points.

Twite et al.^([@r13])^ evaluated 75 children without neurological damage in 869 valid paired observations and reported a strong correlation between the methods (r=0.61, p\<0.0001). In a similar study that also examined children without neurological damage, Triltsch et al.^([@r02])^ divided the patient sample into children older and younger than 6 months of age and reported a strong correlation in children under 6 months (r=0.781, p\<0.001) and a consistent correlation in children older than 6 months age (r=0.473, p=0.041). Working with patients with neurological damage, Courtman et al.^([@r10])^ divided the patient sample into two groups according to their neurological status, with and without damage. These authors used only one scale evaluator and compared their results to the BIS. They reported values of r=0.26 and p\<0.007 in patients with neurological damage, which indicates a weak correlation, and r=0.51 and p\<0.0001 in patients without neurological damage, which are values that indicate a moderate correlation in this group. Twite et al.^([@r13])^ reproduced the findings reported by Courtman et al.,^([@r10])^ reporting values of r=0.26 and p\<0.007 in the group with neurological damage and values of r=0.51 and p=0.0001 in the group without neurological damage.

Comparing the Comfort-B scale with BIS and working with only 11 patients without neurological damage, we chose not to divide the patients by age. We found that the correlation between methods varied among the four evaluators, from r=0.515 (p=0.002) to r=0.424 (p=0.011). All comparisons indicated a moderate correlation.

The subjectivity of the variables does not allow any observational scale to be considered a gold standard for this evaluation. In the Comfort scale, the evaluation of the patient\'s state of alertness, calmness, muscle tone and facial expression is subjective.^([@r13])^ In addition, a moderate correlation between the methods is not unexpected, as the correlation between \"comfort\" and \"sedation\" is highly individual.^([@r02])^ The BIS measures the level of hypnosis (sedation), whereas the Comfort-B scale was designed to measure overall comfort, including sedation, pain, and agitation.^([@r13])^

Twite et al.^([@r13])^ explained the above statement when they used the example of a patient who can lie awake with a high BIS value and still be comfortable, which would generate a relatively low score on the behavioral scale. Likewise, some stimulus might cause another patient to awaken, increasing the BIS without significantly changing the scale values.

In measuring the level of sedation using the Comfort-B scale, the oversedation and moderate sedation levels were the most frequently encountered. The evaluation of consciousness using the BIS showed values that were distributed in four ranges of sedation, predominantly in the moderate, deep, and very deep sedation ranges.

As in the current study and the previously mentioned studies,^([@r10]-[@r13])^ the reported levels of sedation were concentrated in the moderate, deep, and very deep sedation ranges. Courtman et al.^([@r10])^ studied 43 children and reported Comfort values ranging from 8 to 34 (mean 14.5±4.2), representing moderate to oversedation, and BIS values ranging from 1 to 97 (mean 48.1±21.2), representing deep to very deep sedation. In the results reported by Triltsch et al.^([@r02])^ for the 40 patients analyzed in their study, 29 were deeply sedated and 11 were mildly sedated. Twite et al.^([@r13])^ reported finding an average of 11 points using the Comfort scale and 52 using the BIS, thus indicating moderate and deep sedation ranges, respectively.

The present study is limited in that it was conducted in only one ICU with a small number of patients and evaluators, and one of the four evaluators was not blinded to the BIS.

CONCLUSION
==========

The Comfort-B scale is reproducible and useful in classifying the level of sedation in children requiring mechanical ventilation. Including this tool in routine assessments at the bedside could assist in appropriately administering sedatives and analgesics, thus preventing both the effects of insufficient sedation and the potentially dangerous effects of excessive sedation. Its use could contribute to early ventilation weaning, with a consequent reduction in injuries and infections related to mechanical ventilation and reductions in the length of stay in the pediatric intensive care units, costs, and morbidity and mortality rates.
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